Introduction
The plastics industry has been under pressure to develop sustainable technologies since the 1990s (Hoffman, 1999) . Plastics are produced mainly from petroleum and represent the largest field of application for crude oil (Siracusa et al., 2008; Shen, 2011) . The durability of plastics and the use of oil as feedstock are causing environmental problems related to waste, use of non-renewable resources, and climate change (Ren, 2003; Shen et al., 2009; Chadha, 2011) . In response to these concerns, different bio-plastics have emerged as sustainable technologies (Iles and Martin, 2013) . Bio-plastics are bio-degradable or are made from bio-based raw materials (Álvarez-Chávez et al., 2012; Iles and Martin, 2013) . They can reduce the dependency of plastics production on oil, and can contribute to solving environmental issues.
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The diffusion of bio-plastics is heavily dependent on the legitimacy that the new technology is able to acquire and the legitimacy of the organizations that develop, sell and promote the technology (e.g. Hekkert et al., 2007; Markard et al., 2016) . Legitimacy refers to a generalized perception that a technology or organization is desirable, appropriate and socially accepted (Seo and Creed, 2002; Thornton and Ocasio, 2008; Rao et al., 2008) . Since the creation of legitimacy involves a variety of actors and is a collective, social and transactional process, it has been argued that it is especially important to examine legitimacy within an alliance context (Pfeffer and Salancik, 2003; Dacin et al., 2007) . However, empirical research on both the legitimating roles of alliances and the legitimacy of technologies is very limited (Markard et al., 2016; Dacin et al., 2007; Rao et al., 2008) . Binz et al. (2016: 250) have argued that legitimacy is studied at the macro-level, but "how legitimacy is actively built up through the interplay of different actor groups in the early stage of a new technology and industry, however, is much less analyzed."
The contribution of this paper is to fill these two gaps in the literature by focusing on how alliances promote the legitimacy of organizations that develop, produce and sell a sustainable technology, and how alliances promote the legitimacy of the sustainable technology itself. In order to fill these gaps, the paper extends the framework by Dacin et al. (2007) on the legitimating roles of alliances to the context of sustainable technologies. On the basis of motives and sources of legitimacy, Dacin et al. (2007) identified different legitimacy types that can be achieved by alliances, such as market and social legitimacy. The motive of market legitimacy is to increase an organization's legitimacy in a geographical or product market and the source is the experience and reputable image of the alliance partner in the market. The motive of social legitimacy is to enhance an organization's legitimacy as a socially responsible actor and the source is the social image of the alliance partner (Dacin et al., 2007) .
In the context of a sustainable technology, this paper shows that alliances aim to enhance the market and social legitimacy of organizations by using the technology of an alliance partner or the technology that is collaboratively developed in the alliance as a source of legitimacy, as opposed to using the experience or image of a partner as a source of market or social legitimacy. We refer to these types of legitimacy as organizations' technology-sourced market legitimacy and technologysourced social legitimacy. In addition, the paper identifies a variety of sources (positive externalities, signaling, and institutional entrepreneurship) on which alliances rely to promote the legitimacy of the technology (Bergek et al., 2008; Lechner et al., 2006; Doblinger and Soppe, 2016) . In order to achieve a better understanding of the alliances that promote technology-sourced market legitimacy, technology-sourced social legitimacy and technology legitimacy, the paper demonstrates how alliance attributes differ between alliances that promote the different forms of legitimacy. We establish differences between the alliances in terms of the organizational background of alliance partners, the number of alliance partners and the business functions of the alliance in the value chain (Oliver and Ebers, 1998; Kim et al., 2003) .
To make these contributions to the literature on legitimacy, we have built a database on alliances using data from press releases, newspaper articles, company websites and industry journals. The database contains information on 105 alliances in the field of bio-plastics over the period . The analysis of this data allows us to improve our understanding of the sources of legitimacy in the context of sustainable technologies, and provides industry participants with insights on how they can M A N U S C R I P T
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3 use alliances to stimulate their own and the technology's legitimacy. The following section discusses the literature on legitimacy and alliances. Section 3 presents the data collection methods. Section 4 discusses our results, and section 5 offers a conclusion and discussion of the paper.
Literature review
Legitimation (or the creation of legitimacy) refers to the social justification of an actor or activity, such that the actor or activity is publicly validated or endorsed (Perrow, 1961 , quoted in Dacin et al., 2007 . Legitimacy is a generalized perception or assumption that the actions of an entity are desirable (Rao et al., 2008) . It can be ascribed to different kinds of entities such as individuals, organizations, business models, industries and technologies (Aldrich and Fiol, 1994, quoted in Markard et al., 2016) . In this paper, we study the creation of legitimacy of a technology and the legitimacy of organizations that research, develop, produce, market or promote the technology.
Organizations value a high degree of legitimacy, because their success depends on how others judge their appropriateness and the desirability of their technologies (Seo and Creed, 2002; Greenwood et al., 2011) . Legitimate organizations have better access to markets and critical resources (Dacin et al., 2007) , and legitimacy is central for novel and established technologies to mobilize resources necessary for growth and survival (Markard et al., 2016) .
Since legitimacy is "created in a collective social process" (Markard et al., 2016: 331) , and is transacted or exchanged between organizations (Pfeffer and Salancik, 2003) , we focus on the role of inter-organizational alliances in creating legitimacy of organizations and technologies. Dacin et al. (2007: 172) have argued that "due to the transactional and social nature of alliances, it is especially important to examine legitimacy within an alliance context". The following sections discuss the role of alliances in creating legitimacy of organizations and technologies in more detail.
Creating legitimacy of organizations: The role of alliances
Alliances are voluntary collaborations between organizations that involve the exchange, sharing or co-development of products, technologies, and services to pursue a common set of goals or meet critical business needs (Gulati, 1998; Lin, 2012) . It has been argued that alliances can enhance the legitimacy of organizations (Dacin et al., 2007) . For instance, an alliance between a new business venture and an established entity may confer legitimacy on the former, and the mere existence of the alliance carries an endorsement of the alliance partners (Rao et al., 2008) . Dacin et al. (2007) propose that five types of legitimacy needs of firms play an important role in alliance formation, as is shown in table 1. An alliance may provide market, social or relational legitimacy for a focal firm, investment legitimacy for a firm's activities, and alliance legitimacy for the alliance in general. Firms can enter into an alliance with one or several of these five legitimacy goals in mind (Dacin et al., 2007) .
First, table 1 shows that a firm may enter into an alliance to enhance its rights or qualifications to operate in a particular market, and it may use the reputable image of the alliance partner as a source of market legitimacy. This need for market legitimacy can be driven by a lack of experience, reputation or performance of a firm. A firm may acquire market legitimacy by forming an alliance with a firm in a related but established industry, thus gaining immediate access to the legitimacy that M A N U S C R I P T
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the established firm already possesses (Rao et al., 2008) . Second, a firm can be motivated to form an alliance to increase its image as a socially responsible firm, by partnering with organizations that have a good social image. Third, a firm may form an alliance to demonstrate it is a worthy partner. This search for relational legitimacy can be driven by a lack of history as a good alliance partner and a need for alliances in the future to enhance the firm's performance. The relationship with the partner is used as a source of relational legitimacy. Fourth, an alliance can serve to legitimate the business activities of participating firms in the eyes of corporate insiders. This need for investment legitimacy will be high when the business activity has not been adopted by the focal firm or by other organizations in the past. Finally, in some circumstances the legitimacy of alliances as a form of business transaction needs to be established. Alliance legitimacy can be important in fields that do not have a history of alliance use while acceptance of the alliance form is important for achieving other types of legitimacy. Table 1 illustrates that we can distinguish between these five legitimacy types by analyzing the motive of firms for entering into an alliance and the source of the legitimacy. Dacin et al. (2007) focuses on the role of alliances in creating legitimacy of organizations, but it underemphasizes two crucial aspects of legitimacy in the context of sustainable technologies. First, organizations do not solely rely on the reputation, experience or image of alliance partners to enhance their own legitimacy, but they also use the sustainable technology of a partner or one that is collaboratively developed in the alliance as a source of legitimacy (section 2.2). Second, organizations may not only be motivated to enhance their own legitimacy, but also the legitimacy of the sustainable technology itself (section 2.3). In other words, the study of legitimacy must pay attention to sustainable technologies as both a source and a motive of legitimacy in alliance formation.
Creating legitimacy of organizations using technologies: The role of alliances
In order to study technology as a source of legitimacy, we extend the framework by Dacin et al. (2007) to the context of sustainable technologies and focus on market and social legitimacy. This focus is justified when we take into account the well-known integrational perspective on M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT sustainability, which defines sustainable development as the simultaneous pursuit of economic and social/environmental dimensions (e.g. Lozano, 2008 ).
When we compare market legitimacy in the context of sustainable technologies to market legitimacy in the framework by Dacin et al. (2007) , we expect that the motive of organizations is the same, but the source of legitimacy may be different. Organizations aim to increase their legitimacy in a geographical or product market (i.e. motive), but do not use the overall experience or reputation of the alliance partner as a source of market legitimacy. Instead, organizations relate their rights and qualifications to conduct business in a specific market to the technology of the partner or to the technology developed in the alliance. We refer to this type of legitimacy as an organization's technology-sourced market legitimacy.
In addition to market legitimacy, social legitimacy is relevant in the context of sustainable technologies. Organizations may enter the business of sustainable technologies to increase their legitimacy as a socially responsible organization, and use alliances to pursue this motive. For instance, firms that sell products and services to end users may wish to improve the sustainability of their supply chain, by including sustainable inputs in the production process or by increasing the sustainability of the products' packaging (Niesten and Lozano, 2015) . They improve their social legitimacy by forming alliances with firms that possess the technologies to produce sustainable inputs and packaging. In this way, firms can relate their conformity to social rules and expectations to the sustainable technology of the partner or to the technology developed in the alliance. The adoption or development of sustainable innovations can signal that a firm is being responsible and is complying with social expectations. We refer to this type of legitimacy as an organization's technology-sourced social legitimacy. While the motive of this type of legitimacy is the same as in the framework by Dacin et al. (2007) (i.e. increase one's legitimacy as a socially responsible organization), the source of the social legitimacy is different: the source is not necessarily the partner's social image but the sustainable nature of the partner's or the alliance's technology.
Creating legitimacy of technologies: The role of alliances
Alliances do not only stimulate the legitimacy of organizations, but also the legitimacy of technologies. Innovation studies stress the importance of legitimation of new technologies and increasing the legitimacy of a new field to increase the chances of successful adoption of new technologies (e.g. Hekkert et al., 2007) . When a technology is perceived to be desirable and appropriate by a broad spectrum of actors, its diffusion is facilitated. A technology that possesses a high degree of legitimacy is a technology that is well understood, compatible with established practices, socially accepted and perhaps even endorsed by regulation (Markard et al., 2016) . Eisenhardt and Schoonhoven (1996) have argued that alliances can promote the legitimation of pioneering technologies by tying firms and their resources to the technology. While the motive for this type of legitimacy is apparent in the literature, there is less empirical evidence on the source of this legitimacy in the context of alliance formation. We propose three different ways in which alliances can enhance technology legitimacy. First, positive externalities may lead to the legitimacy of a technology. Positive externalities refer to private transactions that bring benefits to third parties that are not directly (or immediately) part of the transaction (Rangan et al., 2006) . Bergek et al. (2008) have argued that the presence of positive externalities may increase legitimacy of a technology by attracting new entrants to an emerging technology field. As the market increases due M A N U S C R I P T
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6 to the new entrants, barriers to entry for yet more firms are lowered, and a larger market signals legitimacy. Rangan et al. (2006: 739) propose that "when the realization of economic opportunity…entails significant positive externalities (i.e. implies private actions with significant public benefits)...then private-public alliances are necessary for realizing the economic potential." In relation to this literature, we propose that positive externalities can be a source of technology legitimacy in the context of alliances. Alliances may enhance the possibilities to benefit from positive externalities and thereby stimulate technology legitimacy. For instance, a third party may use the outcomes of an R&D alliance to further develop or produce the new technology.
Second, the literature on alliances has shown that relationships between firms can have important reputational or signaling effects (Gulati and Higgins, 2003; Deeds et al., 2004) . Dacin et al. (2007: 170) have argued that "the signaling characteristics of alliances may serve as a source of legitimacy". For instance, new business ventures collaborate with reputational partners to overcome their liability of newness and gain legitimacy, by communicating the alliance to the outside world (Lechner et al., 2006) . This signaling role of alliances can also be extended to promoting technology legitimacy, meaning that firms enter into alliances with reputable partners to stimulate the legitimacy of a technology.
Third, alliances may function as institutional entrepreneurs. In mature fields, organizations can use the field's standards and norms to obtain legitimacy (Aldrich and Fiol, 1994; Zimmerman and Zeitz, 2002) . In emerging fields, however, technological standards are often unclear and innovations compete with existing technologies that are adapted to the institutional setting (Eisenhardt and Schoonhoven, 1996; Garud et al., 2002) . Alliances can try to establish new institutions (e.g. standards, certificate systems, regulations, norms) that provide guidance with respect to evaluating the new technology, and that improve the legitimacy of the technology (Binz et al., 2016; Garud et al., 2002) . Alliances act as institutional entrepreneurs when they envision new institutions and undertake actions to realize the new institutional setup (DiMaggio, 1988; Garud et al., 2002; Greenwood and Suddaby, 2006) . Doblinger and Soppe (2013) have shown that partnerships between social movement organizations and incumbents in the energy sector initiate the institutional change necessary to legitimate renewable energy technologies. Smink et al. (2015) have demonstrated that collaborations between incumbents stimulate institutional change in the field of bio-methane. In this paper, we build on this literature, and analyze how alliances act as institutional entrepreneurs with the aim of stimulating technology legitimacy in the field of bio-plastics. Table 2 summarizes the motives and sources of the three types of legitimacy in the context of sustainable technologies. 
Attributes of alliances and legitimacy of organizations and technologies
An extensive literature on alliances exists in the fields of strategic management, organizational economics and institutional theory (e.g. Jolink and Niesten, 2012; Niesten and Jolink, 2015) . One stream within this literature focuses on identifying alliance attributes and their impact on firm and alliance performance (Jolink and Niesten, 2012) . Some prominent examples of alliance attributes are the organizational background of alliance partners, the number of partners, and the business function of the alliance (e.g. Oliver and Ebers, 1998; Kim et al., 2003) . Dacin et al. (2007) have argued that alliance attributes, and in particular the selection of an alliance partner, will be determined by the legitimacy needs that the partner can fulfill. What follows from this is that different legitimacy needs will lead firms to select a different type of alliance partner. We therefore expect that alliances that stimulate technology-sourced market legitimacy, technology-sourced social legitimacy and technology legitimacy will have different alliance attributes.
With respect to the organizational background of alliance partners, we may distinguish between private organizations (i.e. firms) and public organizations (Rangan et al., 2006) . Inter-firm collaborations refer to alliances between private organizations, whereas inter-organizational alliances also consist of public organizations. Rangan et al. (2006) have argued that when positive externalities (i.e. the potential to create public benefits) exist, inter-organizational alliances are necessary for realizing the economic potential. Since positive externalities are proposed to be a source of technology legitimacy, we may expect inter-organizational alliances to more often stimulate technology legitimacy as opposed to other forms of legitimacy. We also expect that interfirm relations are more often associated with aiming for market legitimacy, because this type of legitimacy can be achieved by forming an alliance with a successful business partner. Dacin et al. (2007) argue that in order to achieve credibility in a market a firm will need to collaborate with a partner that has a successful business in that market: "A firm with a need for market legitimacy…will emphasize selection criteria that relate to a partner's abilities and competencies to do business in the intended geographical or product market" (Dacin et al., 2007: 180) .
Bilateral alliances consist of two alliance partners, and multilateral alliances have three or more partners (Oliver and Ebers, 1998) . In multilateral alliances, firms are associated with multiple partners and therefore have a higher visibility. Li (2013) has argued that this increased visibility of firms in multilateral alliances can help the legitimacy of a new technology of one of the partners, which otherwise may not be recognized or approved in intensely competitive markets. Hence, we expect that technology legitimacy as a motive is associated more often with multilateral alliances. Different business functions in the value chain of alliances exist, such as research and development, manufacturing and marketing (Kim et al., 2003) . Turcan (2013: 248-9 ) associated the first stages of the value chain with technology legitimacy and the latter stages with market legitimacy: "During the process of opportunity emergence, entrepreneurs are primarily concerned with technology legitimacy, which pertains to how to validate an innovation that has been created to meet a need or solve a problem….Entrepreneurs are then faced with the quest to better understand the target market, and how to get the product to that market…hence, the issue of market legitimacy arises." Therefore, we expect to find technology legitimacy motives more often in alliances in early stages of the value chain.
The study of alliance attributes will offer a better understanding of what type of alliances stimulate different forms of legitimacy. On the basis of existing literature, we expect that technology legitimacy is more often associated with inter-organizational, multilateral alliances in the early stages of the value chain, when compared to the two other forms of legitimacy.
Methods
Research setting
The global plastics industry has steadily grown since the 1950s, and demand for plastics is likely to continue to rise (PlasticsEurope, 2013) . Plastics are produced mainly from petroleum and represent the largest field of application for crude oil (Siracusa et al., 2008; Shen, 2011) . The first oil crisis in 1973 raised public concern over limited fossil resources (Siracusa et al., 2008) . The prospect of feedstock supply insecurities was a first trigger for the plastics industry to start looking for alternative raw materials suited for plastics production. In the period 1980-1990 other environmental issues emerged, and attention was drawn to rapidly increasing amounts of waste and limited landfill capacities (Shen et al., 2009) . Two crucial aspects of plastics (i.e. petro-based production and durability) are directly related to these environmental problems (Ren, 2003; Shen et al., 2009; Chadha, 2011) .
Following these events, bio-based plastics gained attention as possible sustainable innovations. Bioplastics are bio-degradable and/or made from bio-based raw materials (Álvarez-Chávez et al., 2012; Iles and Martin, 2013) . They have the potential to reduce the dependency of plastics production on oil and to contribute to solving environmental issues. A first wave of bio-plastics was introduced to the market in the early 1990s. However, these plastics did not perform as advertised, and bio-plastics became associated with misleading environmental claims and sub-par performance (Iles and Martin, 2013) . A second wave of bio-plastics emerged in the 2000s, due to technological developments and increased attention for climate change (Iles and Martin, 2013) . Firms from many different industries, including the food, agricultural and chemical industry, have entered the field of bio-plastics.
Case selection
Within this field, we focus on bio-plastics that are produced for consumer markets and are thus consumed by end users. We also include inputs that are developed to produce these bio-plastics, such as succinic acid or 1,4-butanediol. We focus on these markets, because the issue of legitimacy is especially relevant in markets in which consumers are deciding on whether the technology is appropriate and desirable. The majority of these bio-plastics are used for durable consumer goods and packaging of consumer durable and nondurable goods. We exclude bio-polymers related to fibers, yarn, and textile, as these are related to different markets. Bio-plastics in medical applications have been excluded for the same reason. We also exclude so-called oxo-degradable plastics. These plastics have been marketed as bio-plastics in the past but are essentially petro-based plastics with additives that enable them to degrade under certain conditions into micro-plastics. However, these plastics have been criticized for not being truly bio-degradable and/or bio-based.
Data collection and analysis
The data on alliances in the field of bio-plastics is collected from several sources. Following the research suggestion of Wassmer et al. (2014) , our secondary data sources are European industry M A N U S C R I P T
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journals, newspaper articles, press releases, and corporate websites. Data is collected for the period 1990-2013. The starting point is in line with the first commercial wave of bio-plastics that emerged after petro-based plastics became dominant. We include a diverse set of alliances, such as joint ventures, contractual alliances, consortia, associations, and public-private partnerships. The alliance partners retain their own legally autonomous organizations, meaning that we do not consider mergers and acquisitions as part of alliances (Ménard, 2004; Jolink and Niesten, 2012) .
It can be argued that many of the data sources, such as industry journals and press releases, present a biased interpretation of events and issues (Hoffman, 1999) . However, this output directly influences perceptions of actors in the field. Consider for instance that an alliance is formed with various goals in mind, but in the press release the only motivation mentioned is obtaining market legitimacy. As this message influences interpretation in the field, this bias reflects the attention of the alliance partners (Hoffman, 1999) and is thus exactly the data we need to study legitimacy. In order to fully capture these effects, multiple news items on each alliance have been studied.
The data sources were scanned for alliances in the field of bio-plastics. The main search terms used were varieties of bio-plastic, bio-polymer, bio-based plastic, sustainable plastic, and renewable plastic and were combined with terms such as collaborate, cooperate, partner, joint venture, and alliance. These search terms were used in LexisNexis, Bioplastics Magazine (the only independent trade magazine worldwide dedicated to bio-plastics) and the Green Chemicals blog (a leading blog documenting green developments in the chemical industry). For each alliance that is in line with our definitions of alliances and bio-plastics, we recorded the alliance year, names of alliance partners, number of partners, organizational background of partners, business function of the alliance, and types of legitimacy. Two researchers coded the variables used in this study. In a few instances the coding differed between the two researchers, which was resolved by discussing the details of the alliance and collecting more information about the alliance on companies' websites.
Coding legitimacy
Whereas previous research has measured legitimacy as a dummy variable on the basis of whether a firm entered into an alliance with an established firm (e.g. Rao et al., 2008) , we aimed to offer a more elaborate codification of legitimacy in the context of alliances. The data on alliances were scanned for the motives of obtaining legitimacy (i.e. the type of legitimacy that partners want to increase) and the sources of legitimacy (i.e. how the alliance is expected to increase legitimacy). We coded the data using the categorization of table 2. Firms aim for technology-sourced market legitimacy when they enter into alliances to increase their market legitimacy by using a technology of the alliance or alliance partner as the source of legitimacy. In the case of technology-sourced social legitimacy, firms enter into alliances to enhance their social legitimacy by using a sustainable technology of the alliance or alliance partner as the source of legitimacy. Alliances stimulate technology legitimacy when the motive is to increase the legitimacy of the technology and the source relates to positive externalities, signaling roles of alliances or institutional entrepreneurship activities of alliances.
Coding alliance attributes
We identified three attributes of alliances in the data, including the organizational background of the partners, the number of partners, and the business function of the alliance. With respect to the organizational background of partners, we coded alliances as inter-firm alliances when only private M A N U S C R I P T
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organizations (i.e. firms) are part of the alliance. Alliances that included public organizations, such as a state, (local) government, university, NGO, or a state-owned organization, were coded as interorganizational alliances. Bilateral alliances are alliances with two alliance partners, and multilateral alliances involve three or more partners. We also coded the three business functions of the alliance, which include R&D, manufacturing, and marketing (Kim et al., 2003 ):
• R&D: alliance carries out research or develops a technology that is specific for the alliance • Manufacturing: alliance starts with the establishment of production capacity • Marketing: alliance starts after production phase, focused on bringing products to specific markets During the coding process, we discovered that several alliances do not pursue any research or develop a new technology, nor do they manufacture or market a product. We refer to these alliances as alliances that are in the pre-competitive stage of business activities.
Results: Legitimacy in the field of bio-plastics
This section presents the results on alliances that stimulate technology-sourced market legitimacy (section 4.1), technology-sourced social legitimacy (section 4.2) and technology legitimacy (section 4.3) in the field of bio-plastics. In section 4.4, we discuss how alliances that stimulate the different types of legitimacy differ from other alliances in our dataset, in terms of the organizational background of alliance partners, the number of partners, and the business functions of the alliance in the value chain. Appendices A and B offer a short description of the data sources and the organizations that are referred to in the results.
Technology-sourced market legitimacy
In 40 alliances in our dataset, the motive is to obtain market legitimacy by using technology as a source of legitimacy. We discuss the different ways in which these alliances pursue technologysourced market legitimacy.
First, organizations aim to increase their legitimacy in a market by accessing the technology of their alliance partner. Second, an organization may aim to increase its market legitimacy by providing the technology of its alliance partner with access to markets or production capacity. In September 2012 Sulzer Chemtech M A N U S C R I P T 
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Technology-sourced social legitimacy
In 41 alliances in our dataset organizations attempt to obtain social legitimacy based on a sustainable technology. In several alliances, organizations pursue social legitimacy by collaboratively developing a sustainable technology or by accessing the sustainable technology of the alliance partner. BASF and Purac have collaboratively developed a technology that can serve as an input in the production of bio-plastics. The research director of BASF comments on the alliance with Purac and emphasizes BASF's sustainability goals: "Our strategy clearly focuses on innovations for a sustainable future. The development of a succinic acid production process based on fermentation in cooperation with Purac is a good example of this strategy being put into practice" (BASF, 2012). In the alliance between H.J. Heinz and The Coca-Cola Company, Heinz obtained access to the PlantBottle technology developed by Coca-Cola for use in Heinz's products. Heinz argues that "this partnership is a great example of how businesses are working together to advance smart technologies that make a difference to our consumers and the planet we all share" (Bioplastics Magazine, 2011) . Heinz links the use of CocaCola's technology to making a difference for the planet, thereby using the sustainable technology as a source of social legitimacy. A similar line of reasoning is found in other alliances. De Ster, a Belgian firm producing plastic cutlery for the aviation industry, argues that they entered into an alliance with Biotec based on "a desire to work on our social responsibility" (NRC Handelsblad, 1996) . De Ster refers to the compostable technology of Biotec as a means to be socially responsible, and it reinforces this by stating that the technology is currently more expensive than conventional plastics.
Organizations may also obtain social legitimacy by increasing the number of customers that can access their sustainable technology or by offering production capacity and a customer base to the sustainable technology of an alliance partner. The alliance between BASF and Purac illustrates this: "Our cooperation with Purac to produce biobased succinic acid is a perfect example of how we enable our customers in many industries to develop sustainable solutions" (BASF, 2012) . Another example is the alliance between The Coca Cola Company and Avantium, which is a company that has developed a technology to produce PEF (polyethylene-furanoate) bottles. Coca Cola offers a large production capacity and a large number of customers to the sustainable technology of Avantium: "PEF is 100% biobased and when commercialized will be fully recyclable. We are very excited about the co- 
Technology legitimacy
Establishing technology legitimacy plays a prominent role in alliance formation in the bio-plastics field. In total, we identified 63 alliances with a technology legitimacy motive. We will discuss the different sources on which these alliances rely to enhance the desirability or appropriateness of a sustainable technology.
The majority of these 63 alliances stimulate technology legitimacy by developing or producing multiple applications of the technology, thereby allowing for an increased adoption of the technology in entire supply chains or across different sectors. The press releases refer to alliances that allow "for bio-based product solutions in applications that were previously difficult to address" (NatureWorks, 2012c) and that "elaborate on the application of bio-plastics for the entire life cycle" (Bioplastics Magazine, 2009b) . A research analyst of Frost & Sullivan commented on the alliance between Purac and Sulzer Chemtech, and mentioned that "The companies are lauded for their efforts at realizing a novel, economical polymerization process and their commitment toward commercializing this technology for varied high-performance applications" (Frost & Sullivan, 2008 ). This new process will "enable a more efficient production of different PLA products and will reduce the process and product development time. In addition, the new process requires limited investment and will, therefore, be more affordable, significantly lowering the entry barrier for PLA production" (Frost & Sullivan, 2008) . These examples show that creating legitimacy for the new technology does not only benefit the alliance partners, but also firms that wish to start producing PLA. The press releases refer to broad technology categories (for instance all polylactic acid (PLA) plastics, and not one specific brand), implying that other firms using comparable technologies can benefit from the efforts of the focal alliance. This is therefore a first example of a positive externality as a source of technology legitimacy.
Several other alliances promote technology legitimacy by expanding the markets in which the technology can be sold, thereby expanding the number of firms that can produce and sell the technology. The purpose of a collaboration between Avantium and Alpla is "to create a market pull for PEF, which will de-risk the value chain for other partners like feedstock suppliers, chemical companies, resin producers and recyclers, which are essential to put a new polyester on the market" (Bioplastics Magazine, 2013) . The CEO of Metabolix commented on the alliance between his company and ADM: "This agreement is a major advance toward our goal of making an array of renewable, eco-friendly alternatives to traditional petrochemical plastics widely available to the global marketplace" (Metabolix, 2004) . These examples illustrate that the alliance partners do not (only) aim for legitimacy of their own firm but for legitimacy of the technology by creating opportunities that also benefit other firms (e.g. lower entry barriers, de-risking the value chain), again illustrating that positive externalities are a source of technology legitimacy.
A few press releases refer to the signaling role of alliances in which famous alliance partners promote the legitimacy of a new technology. Gevo and The Coca-Cola Company entered into an alliance to develop the PlantBottle, which is packaging made from plant-based materials. The CEO of Gevo M A N U S C R I P T A C C E P T E D (Dutch Polymer Institute, 2015) . Creating awareness of these new technological visions is an act of institutional entrepreneurship and can help increase the desirability and appropriateness of technologies.
Attributes of alliances that stimulate legitimacy
The previous section has shown how alliances promote various forms of legitimacy in the context of a sustainable technology. In this section, we aim to improve our understanding of the attributes of these alliances. We analyze how the alliances that promote different forms of legitimacy differ from each other, in terms of the partners' organizational background, the number of partners and the business function of the alliance. Table 3 illustrates that alliances aimed at technology-sourced market legitimacy and technologysourced social legitimacy are mainly inter-firm alliances (i.e. alliances between private organizations) and bilateral alliances (alliances between two firms). These alliances often focus on business functions that are characteristic of later stages of the value chain, such as manufacturing and marketing. These findings are in line with our theoretical expectations. We have compared these two groups of alliances to the remaining set of alliances in our dataset and find that the two groups differ significantly from the other alliances. An analysis of variance shows that there are significant differences (at the 1% level for each of the three alliance attributes) between alliances that stimulate technology-sourced market legitimacy (n=40) and the remaining alliances (n=65). An analysis of variance also shows that there are significant differences between alliances that stimulate technology-sourced social legitimacy (n=41) and the other alliances (n=64) at the 1% level for organizational background and number of partners, and at the 5% level for the business function. This means that we can identify alliances that promote technology-sourced market or social legitimacy as separate groups of alliances that differ from other alliances. Alliances that stimulate technology legitimacy differ in certain respects from alliances that do not stimulate legitimacy of a technology in the field of bio-plastics (see table 4). They are more often multilateral and inter-organizational alliances, meaning that the number of alliance partners is higher and the partners include governments (at state or local level), universities and research institutes, and NGOs. They often take the form of associations, consortia, or public-private partnerships. This is in line with the expectations expressed in the theoretical section. The alliances that stimulate technology legitimacy also differ from other alliances, because they are formed in a pre-competitive stage, meaning that they do not only pursue R&D, manufacturing or marketing. In this precompetitive stage, the alliances are concerned with lobbying for new legislation, regulation, standards, and certification for the new technology. They also aim to increase awareness and inform M A N U S C R I P T
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15 consumers of the benefits of the new technology. An analysis of variance shows that there are significant differences between the two groups of alliances (those that stimulate technology legitimacy and those that do not) at the 10% level for number of partners and business function. 
Conclusion and discussion
This paper focused on the role of alliances in creating legitimacy of organizations and their sustainable technologies. On the basis of an analysis of 105 alliances in the field of bio-plastics over the period 1990-2013, we identified a variety of sources on which alliances rely to promote three types of legitimacy.
In technology-sourced market legitimacy, alliances provide organizations with access to a technology and thereby enhance the legitimacy of these organizations in the market in which the technology is sold. In technology-sourced social legitimacy, alliances provide organizations with access to a sustainable technology and thereby improve the social image of the organizations. These two types of legitimacy differ from other legitimacy forms, because the source of legitimacy is the technology and not a partner's reputation or experience. Alliances that promote these types of legitimacy are often bilateral and inter-firm alliances that operate in later stages of the value chain, such as manufacturing and marketing.
A third form of legitimacy is technology legitimacy, with which alliances enhance the legitimacy of the (sustainable) technology itself. Our results show that alliances promote the desirability and appropriateness of a technology by relying on positive externalities, by exercising their signaling role, and by acting as institutional entrepreneurs. Alliances that stimulate technology legitimacy differ from other alliances, because they are more often multilateral alliances and operate in the precompetitive stage of the value chain in which they focus on promoting standards, certificates, labels, and legislation for the technology.
The main contribution of this paper lies in identifying different sources of legitimacy in the context of sustainable technologies, and how alliances rely on these sources to promote the different forms of legitimacy for the alliance partners and for the sustainable technology they develop, produce or sell.
Future research could expand the study of legitimacy in relation to sustainable technologies and alliances by focusing on the analysis of investment, alliance and relational legitimacy. Previous studies have identified these as important types of legitimacy to be achieved by firms in collaboration with others. Our emphasis on market and social legitimacy may be due to our use of 
